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The prognostic significance of somatic activating
codon 816 c-kit mutations in pediatric urticaria pig-
mentosa has not yet been established in detail. Detec-
tion of such mutations in archival paraffin-embedded
biopsies is usually hampered by an abundance of
surrounding normal cells. Here we describe a method
for the selective amplification and specific detection
of c-kit mutation Asp816— Val in complete tissue sec-
tions cut from up to 24-year-old paraffin blocks. Pep-
tide nucleic acid-mediated polymerase chain reaction
clamping of the wild-type allele was combined with
on-line mutation detection using oligonucleotide hy-
bridization probes. In DNA extracted from HMC-1
cells heterozygously carrying the c-kit mutation
Asp816—Val, the one-tube assay allowed specific de-
tection of this mutation in a more than 1000-fold
excess of normal background DNA within 1 hour and
without the need for additional analytical steps. In a
series of 38 cases with pediatric urticaria pigmentosa
we detected c-kit codons 815 and 816 mutations in 16
cases. Mutation detection did not correlate with clin-
ical outcome after a mean follow-up of 11.2 years. In
conclusion, the procedure described may represent
an ideal screening tool for all kinds of clinical appli-
cations, using point mutations as markers of, for
example, early events in carcinogenesis, circulating
metastatic tumor cells, and minimal residual disease.
(Am J Patbol 2003, 162:737-746)

Mastocytosis comprises a heterogeneous group of dis-
orders characterized by accumulation of abnormal mast
cells (MCs) in various tissues. An updated consensus
classification system of MC diseases was recently pub-
lished." There are two main variants, cutaneous and sys-
temic forms.®® Cutaneous mastocytosis typically pre-
sents as urticaria pigmentosa (UP).* In systemic
mastocytosis (SM) there is, by definition, involvement of
at least two tissues/organs. Of the extracutaneous or-
gans, the bone marrow is the most frequently affected.?
SM is further subdivided into an indolent variant (ISM),
SM with an associated clonal hematological non-MC lin-
eage disease (AHNMD), and an aggressive subtype
(ASM)."

The c-kit proto-oncogene encodes for a transmem-
brane tyrosine kinase receptor (KIT) whose ligand is the
stem cell factor, also known as MC growth factor
(MGF).5® c-kit is expressed on MCs” as well as on he-
mopoietic stem cells,27'° melanocytes,’’ and germ
cells.’® Activated c-kit mediates signals for proliferation
and maturation in these cells.’®

Certain somatic gain-of-function point mutations cause
stem cell factor-independent growth of MCs.'>'® One of
these mutations (Asp-816—Val) has been repeatedly de-
tected in several subtypes of mastocytosis, e.g., mast
cell leukemia, SM (with and without skin involvement, with
and without AHNMD), and UP."®"7-22 Mutations in other
regions of the c-kit gene have been described in acute
myeloid leukemia, gastrointestinal stromal tumors, and
sinonasal T-cell lymphomas.?®2%

In pediatric mastocytosis, patients with activating
codon 816 mutations tend to have more extensive and/or
more persistent disease.'® Such mutations can be de-
tected in native tissue by amplification and further anal-
ysis of c-kit MRNA, which is expressed almost exclusively
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by MCs. In archival, formalin-fixed and paraffin-embed-
ded tissue, however, the analysis of mMRNA may be im-
possible because of age- and fixation-related degrada-
tion of nucleic acids.?®?” Therefore, mutation screening
has to focus on the analysis of genomic DNA. Tumor cells
often represent only a minor fraction of the cells present
in biopsy samples. Methods for the detection of se-
quence variants, such as single-strand conformation
polymorphism, restriction fragment length polymorphism,
DNA sequencing, allele-specific amplification, or hybrid-
ization with oligonucleotide probes, may allow detection
of the extremely small tumor cell populations in such
cases.

Peptide nucleic acid (PNA) oligomers have been used
to enhance allele-specific amplification of minor back-
ground variants.?® PNA-DNA hybrids have a higher ther-
mal stability than DNA-DNA hybrids and PNA oligomers
cannot be extended by DNA polymerases.?® Assays us-
ing wild-type-specific PNA as competitors to mutation-
specific primers have been described for the detection of
point mutations in K-ras and p53.29*° However, a draw-
back of this set-up is that abundant readthrough from the
suppressed wild type can still occur. The resulting prod-
ucts will contain the mutation making it indistinguishable
from amplification products generated from the mutated
alleles.

Hybridization probes consist of a pair of terminally
fluorescent-labeled oligonucleotide probes designed to
bind to a target strand in close proximity, enabling an
energy transfer between both fluorophores. Measure-
ment of the fluorescence energy is a sensitive monitor for
base variations within the target region covered by the
probes.®' Hybridization probes are widely used for the
analysis of mutations, for example in the HFE gene in
hemochromatosis®® or in the N-ras gene in cancer.®3
However, the analysis is restricted to see equivalent
amounts of the variants or to detect the major variant only.

In this study, we combined the PNA-mediated PCR-
clamping method with the on-line mutation detection. We
used a wild-type-specific PNA and mutation-specific hy-
bridization probes for the detection of activating c-kit
Asp816—Val mutations. The samples we investigated
were formalin-fixed and paraffin-embedded skin biopsy
specimens from patients with pediatric cutaneous mas-
tocytosis.

Materials and Methods

Patients

Thirty-eight consecutive patients with pediatric UP at-
tending the Department of Dermatology of a Pediatric
Hospital (Hospital del Nifio Jesus, Madrid, Spain) were
included in the study. UP was defined as skin infiltration
by a large number of MCs in the form of multiple brown
macules, papules, and nodules. Patients with other types
of cutaneous mastocytosis (ie, mastocytoma, diffuse cu-
taneous mastocytosis, and telangiectasia macularis
eruptiva perstans) were excluded from the study. The
clinical diagnosis of UP was confirmed by skin biopsies

stained with hematoxylin and eosin and Giemsa that ex-
hibited large numbers of MCs in the upper dermis and
hyperpigmentation of the basal layer of the epidermis.
The age at which the lesions first appeared ranged from
birth to 72 months, and the mean duration of follow-up
was 11.2 = 4.4 years (range, 3 to 20 years). With regard
to outcome, patients were considered as having transient
UP if all skin lesions had disappeared, and persistent UP
if skin lesions were still present at the time of the last
follow-up visit.

Tissue Samples

The presence of c-kit mutations was investigated in ar-
chival formalin-fixed, paraffin-embedded tissue: skin bi-
opsies from 38 children with UP, bone marrow biopsies
from 40 patients with acute myeloid leukemia, and 23
patients with (reactive) MC hyperplasia were investi-
gated.

The cutaneous tissue was fixed in unbuffered forma-
lin. All of the bone marrow biopsies were fixed in 5% neu-
tral buffered formalin and decalcified in ethylenediami-
netetraacetic acid. Paraffin sections (5 um) were stained
with Giemsa and immunostained with the antibody AA1
(DAKO Diagnostika, Hamburg, Germany) directed against
tryptase, a very specific MC marker (Figure 1).%

Genomic DNA extracted from HMC-1 cells served as a
positive control for the detection of the c-kit mutation
Asp816—Val. This cell line, which was established from
a case of human mast cell leukemia, carries the mutation
heterozygously. Human placental DNA served as a neg-
ative control for the mutation and as background DNA for
dilution experiments undertaken to determine the sensi-
tivity of the method.

DNA Extraction

For extraction of total genomic DNA, 10 8-um-thick sec-
tions were cut from each paraffin block. The sections
were dewaxed according to standard protocols. In brief,
they were vortexed in 1 ml of xylene (100%) for 1 minute
and centrifuged at 13,000 rpm for 5 minutes. This proce-
dure was repeated three times. The samples were then
washed twice in pure ethanol and vacuum-dried. Protein-
ase K digestion was performed in a final volume of 200 ul
of buffer (50 mmol/L Tris, 1 mmol/L ethylenediaminetet-
raacetic acid, 0.5% Tween-20, pH 8.5) containing 0.2
mmol/L of proteinase K at 55°C (2 hours). Total DNA was
extracted with phenol/chloroform/isoamy! alcohol (v/v/v,
25/24/1) and precipitated with ethanol (100%)/LiCl (8
mol/L) as described elsewhere.®> Samples of 20 ng of the
total extracted DNA were used for PCR amplification of
the c-kit gene.

Primers and Hybridization Probes

The primers c-kit S (5’-CAG CCA GAA ATA TCC TCC
TTA CT-3’) and c-kit B (5’-TTG CAG GAC TGT CAA GCA
GAG-3’) were used to amplify a 138-bp fragment of the
exon 17 (Figure 2). The A7176T mutation site was cov-
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Figure 1. Photomicrographs of pediatric UP showing dense subepidermal MC infiltrates without any preferential attachment to pre-existing structures. Molecular
analysis disclosed wild-type c-kit in A and mutation Asp816— Val in B. Results of melting curve analyses are shown in Figure 4, A and B. Paraffin sections, AA1

immunostain; original magnifications, X200.

ered by the 3'-fluorescein-labeled sensor probe (5’-AGC
CAG AGT CAT CAA GAA TGA TTC TA-F 3') being spe-
cific for the mutation (bold letter). We generally prefer to
use the mutation-specific probe because the high melt-
ing temperature in the presence of the mutation is more
significant than a decrease in the melting temperature
that would be observed with a wild-type-specific probe.
For our approach of a competition with a wild-type spe-
cific PNA this is even crucial. The anchor probe having a
significantly higher (calculated) melting temperature was
(5'-LC-ATG TGG TTA AAG GAA ACG TGA GTA CCC
Ap-3’). The anchor probe was 5'-terminal labeled with
LightCycler Red 640 (LC) and 3’-terminal blocked with a
phosphate group (p). The LC dye was added using the
respective NHS ester (Roche Diagnostics, Mannheim,
Germany).

Primers, hybridization probes, and PNA were selected
using the OLIGO 6.0 program (Molecular Biology In-
sights, Cascade, CO, USA) and BlueGene (Magic Works,
Teltow, Germany). The probes were synthesized accord-
ing to the manufacturer’s instructions (Roche Diagnos-
tics).

PNA

PNAs are mimics of DNA oligonucleotides in which the
phosphoribose backbone is replaced by a peptide-like
repeat of (2-aminoethyl)-glycine units. Compared to
DNA/DNA hybrids the corresponding PNA/DNA hybrids
display greater thermal stability but are more easily de-
stabilized by single bp mismatches. The PNA (5'-GCC
AGA GAC ATC AAG AAT G-3', site of mutation indicated
in bold; Figure 2) corresponding to the wild-type se-

c-kit S c-kit Mutation c-kit Anchor
[ A>T |
(wt) - PNA c-kit B

Figure 2. Positions of PCR primers (c-kit S, c-kit B), hybridization probes
(c-kit mutation, c-kit anchor), and the PNA molecule targeting the wild-type
sequence at codon 816 of the c-kit exon 17. Mutation Asp816—Val is caused
by a A—T transition.

quence was synthesized using reagents from Applied
Biosystems (Weiterstadt, Germany).

DNA Amplification and Mutation Detection

PCR amplification and mutation detection was performed
with the LightCycler (software version 3.5, Roche Diagnos-
tics) using the DNA Master Hybridization Probes kit as
described by the manufacturer (Roche Diagnostics). The
PCR mixture contained Taq polymerase, LightCycler buffer,
dNTPs as supplied in the kit, 3 mmol/L MgCl,, 5 pmol (0.25
pmol/L) of each primer, 6 pmol (0.3 umol/L) of both
hybridization probes, and 15 pmol (0.75 umol/L) of the
PNA. Samples were amplified running 50 cycles of de-
naturation (10 seconds at 95°C), annealing of PNA (8
seconds at 68°C), annealing of primers (10 seconds at
56°C), and primer extension (10 seconds at 72°C). The
first cycle was preceded by 10 minutes of denaturation at
95°C. Before melting point analysis the samples were
denatured 5 minutes at 95°C. Melting curve analysis
started at 40°C, increasing the temperature by 0.3°C/
second up to 95°C.

Sequencing of PCR Products

For direct sequencing, PCR products were extracted
from 2% Tris-acetate/ethylenediaminetetraacetic acid
(TAE) agarose gels with a gel extraction kit (Qiagen,
Hilden, Germany) according to the manufacturer's in-
structions. PCR products were sequenced in both direc-
tions using primers c-kit S and c-kit B by the dye-deoxy
terminator method on a ABI Prism Sequencer 377 (Ap-
plied Biosystems).

Results

Histology and Immunohistochemical Staining

MC infiltrates in the various tissues investigated were
visualized by immunostaining for tryptase with the anti-
body AA1 (Figure 1). MCs are the only cells that react
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Figure 3. Effects of PNA-mediated PCR clamping. In melting curve analyses with Light Cycler hybridization probes wild-type (wt) c-kit and codon 17 mutation
Asp816—Val (mut) can be discriminated through different melting peaks at ~57°C (wt) and 63°C (mut) (A, continuous line). With only the use of hybridization
probes, the method allows detection of the heterozygous mutation in an 10:1 excess of normal versus HMC-1 cells (A, broken line). Effects of PNA-mediated
PCR clamping of the wild-type allele is demonstrated with various amounts of input PNA. In 100 ng of HMC-1 DNA, 0.75 umol/L of PNA completely suppresses
amplification of the wild-type allele (B, dotted line). Reduction of amplification efficiency of also the mutated allele by increasing amounts of PNA as a side effect
must be taken into consideration when assessing the appropriate amount of input PNA (C). Compared to results in A, PNA-mediated PCR clamping of the
wild-type allele results in a 100-fold increase of sensitivity yet allowing detection of the mutated allele in a 1000-fold excess of wild-type background DNA (D,

three upper curves).

with this antibody. Thus, this highly specific immunohis-
tochemical reaction facilitated the identification of MC
diseases of all subtypes and helped to assess semiquan-
titatively the numbers of infiltrating MCs. In UP, the dermis
was infiltrated by strongly metachromatic MCs, typically
located around small blood vessels and adnexae. MCs
did not show signs of an epidermotropism. Control cases of
MC hyperplasia (reactive states) showed loosely scattered
also strongly metachromatic MCs but never compact
(dense) clusters of MCs, diagnostic for mastocytosis.

Melting Analysis of PCR-Amplified Samples

We observed a melting temperature of 63.3°C for PCR
products containing only the A7176T mutation (Asp-
816—Val), and 57.7°C for wild-type samples. Heterozy-
gous samples as in the case of DNA extracted from
HMC-1 cells displayed both melting peaks (Figure 3A).

We determined the sensitivity of the melting analysis in
dilution experiments of varying amounts of heterozy-

gously mutated HMC-1 DNA in wild-type human placen-
tal DNA. The mutation-specific melting peaks were still
detected in 10:1 mixtures hence containing only 5% of
the mutated allele. However, the mutation was no longer
detectable in a 100:1 mixture of 100 ng of wild-type DNA
and 1 ng of HMC-1 DNA (0.5% mutated alleles, Figure
3A). In direct sequencing of PCR products, the mutation
was only detectable in the 1:1 mixture of wild-type and
HMC-1 DNA (25% mutated alleles), but not in the 10:1
and 100:1 dilutions (data not shown).

Effects of PNA-Mediated PCR Clamping

The PNA was used to suppress the amplification of the
wild-type target, possibly allowing detection of the mutant
allele when the tumor cells represent only a minor fraction
of all cells present and there is thus a large amount of
wild-type background DNA.

First, the amount of PNA necessary to completely sup-
press amplification of the wild-type allele was deter-

Figure 4. Results of melting curve analyses and direct sequencing of PCR products in five cases of pediatric UP (Table 1; patients 8, 9, 16, 19, and 22). In figures
on the left melting curves of PCR products amplified without PNA (PNA—, dotted line) and with PNA-mediated PCR clamping (PNA+, broken line) are shown.
As controls, melting curves of PNA-amplified HMC-1 DNA, heterozygous for c-kit mutation Asp816—Val, are included in every figure (continuous line). Melting
curve analysis was performed with hybridization probes c-kit mutation and c-kit anchor. Figures on the right display corresponding results of direct sequencing
of PNA— and PNA+ amplification products. In A no exon 17 mutation was observed. B represents 1 of 10 cases with an A—T transition in codon 816. G—A and
G—T transversions of codons 815 and 816 are shown in C and D. A combination of the mutations in B and D is shown in E. This form of mutation involving
codon 816 has been detected in two patients (Table 1, patients 7 and 16).
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Table 1. c-kit Mutations in Pediatric Urticaria Pigmentosa

Cutaneous involvement

Mutation detection

Patient
no. c-kit Mutation Onset, months Follow-up, years Persistence Seq. PNA — PNA +
01 wt 0 8 Yes n.d. - -
02 wt 4 5 Yes n.d. - -
03 wt 3 5 Yes n.d. - -
04 wt 72 3 Yes n.d. - -
05 wt 9 5 Yes n.d. - -
06 GAC—GTC (Asp816—Val) 4 6 Yes — — +
07 GAC—TTC (Asp816—Phe) 3 7 Yes — — +
08 AGA—AAA (Arg815—Lys) 0 11 Yes — + +
09 GAC—GTC (Asp816—Val) 12 13 Yes — (+) +
10 wt 2 12 No n.d. - -
11 wt 0 12 Yes n.d. - -
12 wt 24 14 Yes n.d. - -
13 wt 2 14 Yes* n.d. - -
14 GAC—GAT (Asp816—Asp) 0 15 Yes — — +
15 GAC—GTC (Asp816—Val) 1 16 Yes — (+) +
16 GAC—TTC (Asp816—Phe) 2 18 Yes — — +
17 No amplification 3 4 Yes — — —
18 GAC—GTC (Asp816—Val) 3 13 Yes + (+) +
19 wt 12 6 Yes n.d. - -
20 wt 1 6 Yes n.d. - -
21 wt 0 8 Yes n.d. - -
22 GAC—TAC (Asp816—Tyr) 3 11 Yes — — +
23 GAC—GTC (Asp816—Val) 0 20 No - (+) +
24 wt 1 16 No n.d. - -
25 GAC—GTC (Asp816—Val) 1 14 No + + +
26 GAC—GTC (Asp816—Val) 3 13 No — (+) +
27 wt 24 12 No n.d. - -
28 wt 1 17 No n.d. - -
29 wt 0 17 Yes n.d. - -
30 wt 12 17 Yes n.d. - -
31 GAC—GTC (Asp816—Val) 4 6 Yes — — +
32 GAC—GAT (Asp816—Asp) 2 5 Yes — — +
33 wt 12 20 Yes n.d. - -
34 GAC—GTC (Asp816—Val) 1 8 Yes + + +
35 wt 12 18 No n.d. - -
36 GAC—GTC (Asp816—Val) 0 15 No - (+) +
37 wt 3 3 Yes n.d. - -
38 wt 1 11 Yes n.d. - -
p3 16/37 2,5 (0-72) 12 (3-20) 29/38 3/16 3(9)/16 16/16

Seq., direct sequencing of PCR products; PNA—, PCR without PNA; PNA+, PNA-mediated PCR-clamping; Asp, aspartate; Val, valine; Phe,
phenylalanine; Arg, arginine; Lys, lysine; Tyr, tyrosine; n.d., not done; (+), positive, but very weak signal.

*Symptoms greatly improved.

mined. In 100 ng of HMC-1 DNA the addition of 0.25
pmol/L of PNA resulted in a marked decrease of the
wild-type signal, 0.75 umol/L of PNA resulted in a com-
plete suppression of the wild-type melting peak (Figure
3B). The suppression was also dependent on the amount
of target DNA, indicating the importance of the ratio
between PNA and target, more than the absolute con-
centration of PNA. Using 10 ng of HMC-1 DNA, 0.25
pmol/L of PNA suppressed the amplification of the wild
type. Higher concentrated PNA (0.75 umol/L and 1.25
umol/L) lowered also the amplification of the mutant al-
leles (Figure 3C).

To estimate the relative detection limit of our system
mutation-specific c-kit hybridization probes and wild-type-
specific c-kit PNA, dilution series of 1 ug of wild-type DNA
and various amounts of HMC-1 DNA including 100 ng, 10
ng, 1ng, 100 pg, and 10 pg were amplified with and without
addition of PNA. Complete suppression of wild-type allele
amplification again was achieved with 0.75 umol/L of PNA.
In repeated experiments, the mutation-specific melting

peak at around 63°C reproducibly was detected in a 1000:1
excess of wild-type versus mutated cells (Figure 3D). De-
tection of the mutation in 1 of 10,000 cells was not achieved
reproducibly (data not shown).

c-kit Mutation Detection in Cutaneous Biopsies

To screen for c-kit exon 17 mutations in pediatric UP,
cutaneous biopsies of 38 children were investigated. One
sample failed in DNA amplification. From the residual 37
samples 16 displayed an aberrant melting curve indicat-
ing the presence of a sequence variation (Figure 4, B to
E). Ten samples had a melting point of 63°C, typical for
the Asp816—Val mutation (patients 6, 9, 15, 18, 23, 25,
26, 31, 34, and 36), which was confirmed by DNA se-
quencing of the amplification products (Figure 4B). The
remaining six samples had other melting curves: the
sample from patient 8 had a melting point of 53°C (Figure
4C), samples 14 and 32 had 54°C (not shown), sample



22 had 55°C (Figure 4D), and the samples from patients
7 and 16 had 59°C (Figure 4E). Direct sequencing re-
vealed mutations within the codons 815 and 816. We
found two C/T transversions at nucleotide 7177, not re-
sulting in amino acid exchanges in codon 816 (samples
14 and 32). One mutation in codon 815 (sample 8) was a
G—A transversion at nucleotide 7173, resulting in a sub-
stitution of lysine for aspartate. Of the three alternative
mutations in codon 816, two involved nucleotides 7175
and 7176 (GA—TT) resulting in a substitution of phenyl-
alanine for aspartate (samples 7 and 16). The third mu-
tation was a transversion at nucleotide 7175 (G—T) and
resulted in a substitution of tyrosine for aspartate (sample
22). The results are summarized in Table 1.

Without PNA only nine patients presented with aber-
rant melting curves more or less suspicious for the pres-
ence of a c-kit mutation. Highly suspicious were the
curves of only three patients [patients 8 (Figure 4C,
oblique arrow), 25, and 34 (Table 1)]. In the remaining six
patients, all of whom had the mutation Asp816—Val,
besides the dominant wild-type peak at around 57°C
there was only a very small additional mutation-specific
peak at around 63°C [patients 9 (Figure 4B, oblique
arrow), 15, 18, 23, 26, and 36 (Table 1)].

Less sensitive is the identification of c-kit mutations by
direct sequencing of the amplification products. Only 3 of
14 patients with mutations would have been identified by
the presence of double peaks at the relevant positions
(patients 18, 25, and 34 of Table 1). In one of these cases
a double peak was observed only when the back primer
c-kit B was used as the sequencing primer (patient 18,
data not shown). In all other patients, mutation-specific
sequencing signals were either indistinguishable from
the background (data not shown), or totally absent. This
can best be demonstrated in patient 9 (Figure 4B) for
whom the melting curve displayed a small additional
peak at around 63°C. In contrast, the sequencing result
was completely normal. The findings in all 38 patients are
summarized in Table 1.

Clinical Outcome in Patients with UP

Of the 20 patients with 12 or more years of follow-up, 10
had persistent UP, 9 had transient UP, and 1 further
patient experienced a great improvement in his skin con-
dition. A cutoff at 12 years was arbitrarily chosen be-
cause no patient had experienced resolution of skin le-
sions before 12 years of follow-up. Of the nine patients
whose skin lesions disappeared, four carried a recurrent
GAC—GTC c-kit mutation, leading to the Asp816—Val
substitution, whereas the other five patients carried the
wild-type alleles. Of the 10 patients with persistent UP
after more than 12 years of follow-up, 5 carried the wild-
type alleles, 4 showed a c-kit mutation within codon 816,
and 1 carried a silent codon mutation GAC—GAT, both
coding for aspartate. The patient who experienced a
great improvement after 14 years of follow-up carried the
wild-type alleles. The data relating to clinical disease
outcome are summarized in Table 2.
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Table 2. Clinical Outcome in Patients with Pediatric Urticaria
Pigmentosa (Only Patients with Follow-Up of 12 to
20 Years Included)

Mean follow-up, Activating

n years c-kit mutations
Persistent UP  11* 15.4 4/11 (36.4%)
Transient UP 9 15.2 4/9 (44.4%)
Total 20 15.3 8/20 (40.0%)

*Including one patient with marked improvement of the disease.

Screening for c-kit Mutations in Control Cases

Twenty-three cases with varying degrees of MC hyper-
plasia (no SM) and another 40 cases with various sub-
types of acute myeloid leukemia (no associated MC dis-
orders) were investigated as negative controls for exon
17 c-kit mutations. Using the same methods as in the 38
UP cases, no exon 17 c-kit mutations were detected in
the 63 (negative) control cases.

Discussion

It has been suggested that the presence of somatic
activating codon 816 mutations in MCs in children with
UP might be a risk factor for persistence or progression of
the disease,'® and therefore might represent a valuable
prognostic marker. The diagnosis of pediatric UP has to
be established by histological examination of skin le-
sions.®® The molecular analysis of paraffin-embedded
tissue for long-term retrospective studies is hampered by
fixation- and age-dependent degradation of both mRNA
and DNA, especially when very old samples are
used.?”3” Because of the varying numbers of infiltrating
mutated MCs, additional procedures may be required to
enrich the number of these lesional cells against large
amounts of unaffected cells. In nonsolid neoplasms such
as UP, laser capture microdissection and amplification of
pooled single cells have been used successfully.*® How-
ever, laser capture microdissection is very laborious and
time-consuming and the equipment is expensive and
available only in some research centers.

In this report we develop a fast, highly sensitive, spe-
cific, and reproducible technique that facilitates the de-
tection of a variety of codon 816 mutations of the c-kit
proto-oncogene in complete tissue sections. The method
was successfully applied with tissue obtained from par-
affin blocks that were up to 24-years-old. The assay takes
~1 hour to perform. Because of the single tube format the
risk of contamination is low. The method combines the
advantages of PNA-mediated PCR clamping and melting
point analysis with two fluorescent-labeled oligonucleo-
tide probes.®"3°

The latter technique, has found numerous applica-
tions, including quantitative PCR, identification and sub-
typing of infectious agents, and detection of point muta-
tions in oncogenes and in hereditary metabolic
diseases.??:334041 |n contrast to many currently available
methods for genotyping and mutation detection, includ-
ing oligonucleotide ligation assay,*? single-strand confir-
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mation polymorphism,*® allele-specific PCR,** and PCR-
restriction  fragment length  polymorphism,*®  this
technigue overcomes the need for time-consuming ana-
lytical postamplification steps. Hybridization probes will
also detect other sequence variations covered by the
probes, which is not the case for restriction fragment
length polymorphism analysis. In our case characteristic
and reproducible melting peaks were found also for other
mutations than Asp816— Val. However, without PNA the
hybridization probes will detect only major components
of gene variants. Usually sensitivity is limited and does
not exceed 10%, ie, the mutation must be present in at
least 10% of the gene copies.® Our results are consis-
tent with this. In dilution experiments with DNA extracted
from the c-kit mutation-bearing cell line HMC-1 and con-
trol DNA, we were unable to detect the mutation in dilu-
tions containing a more than 10-fold excess of wild-type
DNA using the hybridization probes alone.

The detection of mutations, present in an extremely
small minority of nonmicrodissected (tumor) cells, ie, a
needle-in-a-haystack situation,*® requires techniques to
specifically amplify the DNA of mutant alleles. A number
of such techniques, including restriction endonuclease-
mediated selective-PCR (REMS-PCR)*’ and selective
stencil-aided mutation analysis (SAMA)*® require certain
restriction enzymes and/or restriction sites, limiting their
general applicability. The method of allele-specific am-
plification*® also in combination with PNA-mediated
clamping®9:30:59-52 is generally limited to one specific
mutation and will fail with related mutations. In addition, it
bears the risk of amplification because of abundant
readthrough: once the PCR primer has been extended
from a wild-type allele, the amplification products are
indistinguishable from those generated from the mutant
allele.

In this study, as in investigations performed by a num-
ber of other groups, we used PNA molecules targeted
against the wild-type sequence. However, unlike these
other groups we did not use mutation-specific primers
targeting the same region. Instead, we used outer PCR
primers for a single round of amplifications. Because of
the PNA-mediated PCR clamping, the mutant allele was
selectively amplified and could easily be characterized
by its specific melting peak. Although not directly ad-
dressed in this study, four other c-kit mutations were
identified in addition to the most prevalent mutation
Asp816—Val, each showing a characteristic melting
peak in repeated experiments. All of the mutations were
found in codons 815 and 816. Notably, besides two
mutations described by Longley and colleagues,'® two
new mutations were identified, one of which represented
a silent mutation at codon 816.

As far as sensitivity is concerned, most of the various
methods can detect somewhere in the range of one
mutant allele in the presence of approximately a 1000-
fold excess of normal alleles.*>47*" The highest sensitiv-
ity was reported by Sun and colleagues,®® who were able
to detect as few as 3 mutant alleles in the presence of
10,000 normal alleles. Our results are within this range,
the method consistently allowing detection of at least 1
mutant allele among 2000 normal alleles, in some cases

we were able to identify 1 mutant allele among 20,000
normal alleles.

A comparison of the numbers of mutations unequivo-
cally detected in our patients by the various methods
showed that the combination of PNA-mediated PCR
clamping and on-line mutation detection with hybridiza-
tion probes was superior to conventional PCR with sub-
sequent direct sequencing or melting point analysis, re-
spectively.

When the findings of mutation analysis and long-term
follow-up in patients with pediatric UP are compared on
the basis of persistent or transient skin lesions, it is seen
that codon 816 c-kit mutations were detected in both
groups, patients with persistent disease as well as pa-
tients with transient disease, with similar frequencies.
Especially the detection of activating c-kit mutation
Asp816—Val in four of nine patients of the latter group is
a remarkable finding, as it is in contrast to the data
reported by Longley and colleagues'® who did not find
the mutation in any of the seven patients with transient
pediatric UP in their series. False-positive results seem to
be sufficiently excluded by the fact that no mutation has
been detected in the 63 negative controls. According to
our data, identification of activating c-kit mutations such
as Asp816—Val does not serve as a independent prog-
nostic marker for the clinical course of skin lesions in
pediatric UP. In this regard it has to be emphasized that
even though cutaneous lesions may eventually disap-
pear, progression of the disease may not be halted. In
some patients internal symptoms of MC disease may
even reappear years later, thus underlining the impor-
tance of a prolonged follow-up of these patients. Proba-
bly, the identification of additional prognostic markers,
eg, the abnormal expression of CD2/CD25 in MCs, may
help to evaluate the prognosis for individual patients
more reliably.®®

In conclusion, we describe the combined application
of recently introduced methods for the detection of point
mutations in the presence of excess amounts of normal
DNA. Further clinical applications may be the detection of
early events in carcinogenesis, of circulating metastatic
tumor cells, and of minimal residual disease, as well as
the identification of targets for drug therapies.
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